This study aimed to identify effective presentation methods used for historical self-comparisons of residential water consumption that will lead to the efficient use of water. To compare each household's current and previous water consumption, illustrations of water droplets were used as feedback every other week for five months, with the number of water droplets indicating an increase or decrease in water consumption. When only using the same blue water droplets, there was no change in water consumption. However, when using yellow and red droplets in cases of increased water use, we observed that water consumption declined. By improving the method of communication, historical self-comparisons of water consumption can realize an efficient use of water at all consumption levels.
Introduction
Information-based residential water demand management programs have been developed to motivate people to use water efficiently. Various kinds have been tested, including water-saving campaigns based on historical usage and providing tips, while the recent advent of 'smart meters' for water has led to an active focus on consumption feedback.
As information campaigns can be deployed quickly and implemented with relatively low cost, policymakers are apt to use them for water management. However, such campaigns can be effective only in places with water shortages [1, 2] , as the willingness to conserve water only arises in situations of water scarcity [3] . Moreover, their effectiveness has been assessed only for short periods [4, 5] . These findings suggest that information campaigns could be most effectively implemented to address relatively short-term supply shortages, such as droughts and seasonal peak demand [5] .
Providing tips about how to save water effectively (e.g., turning off the tap when cleaning teeth, washing full machine loads of clothes) has not necessarily yielded consistent results. Some studies reported no effect on water consumption [6] [7] [8] , while others insisted the opposite [9, 10] . The effectiveness of providing such tips is still under consideration.
Regarding consumption feedback, a growing number of studies have recently reported that social comparisons of residential water consumption to that of one's neighbours lead to water savings. Among the various methods used to represent comparisons, emoticons [7, [11] [12] [13] , average values for neighbours [14] , the percentage of similar households engaging in a range of water-saving actions [9] , and combinations thereof [7, 15, 16] were shown to be effective. That is, the perception of externalities motivates water savings [17] . However, most of these studies only demonstrated water savings in the short term, with less being known about the long-term impacts [11, 18] . A few studies have observed the continuous effect of social comparison. One reported that the effect declined, but significantly remained detectable six years later because of water-saving infrastructure and changing habits [18] . Another study reported that a treatment effect was still significantly detectable more than two years after the intervention [14] . Social comparison has been used as a primary tool to guide action in various contexts [19] , and a number of field studies in the residential energy consumption field-the area most similar to that of water consumption-suggest its efficacy [20, 21] .
However, social comparisons sometimes create uncomfortable feelings, especially where downward evaluations occur [22] . Also, as water consumption is a type of personal data, the risk of an invasion of privacy, as happened in the Netherlands, will be raised in proportion to the extent of processing such information [23, 24] .
Historical self-comparison has also been a commonly-used tool. Water utilities all over the world have already introduced the historical comparison of water consumption with the previous year or previous billing periods together with the cost. People have a greater interest in and respond more to historical self-comparisons than they do to normative ones [25, 26] . However, as most of the previous studies evaluated historical self-comparison together with social comparison [27] , it is difficult to establish the efficacy of historical self-comparison alone. Additionally, in contrast to research on social comparisons, self-comparison studies rarely examine the issue of how to visualise consumption.
Based on the outcomes of the survey above, this study was designed to investigate the efficacy of historical self-comparison as a water demand management tool.
Materials and Methods

Overview
This research aims to identify effective presentation methods used for historical self-comparison that will lead to the continuous efficient use of water. We used illustrations of water droplets to display increases and decreases in water consumption.
Firstly, a total of 633 households located in the Tokyo commuting area and randomly sampled from a roster of survey registrants within a research company were recruited into the study. Participants were randomly assigned to one of three groups: one control group and two intervention groups. As water smart meters have not been introduced in Japan, water consumption was monitored by water meter readings and the reporting by all participants once every two weeks over 24 weeks (i.e., 12 observations). Water consumption data obtained this way was used to evaluate changes in consumption and also to offer feedback to the intervention groups. Participants in the intervention groups received e-mails informing them of the historical self-comparison within four to five days of each observation. Water consumption changes significantly according to the season. In Tokyo, water consumption tends to increase during the summer (July and August) and winter (January and February) seasons. We assumed that changes in the control group's water consumption reflected seasonal variations, and we evaluated changes in the intervention groups relative to the control group.
At the end of the survey, participants were asked questions about how they had changed their water use and how they felt about the feedback.
Intervention
Intervention groups received the water droplet illustrations, as shown in Figure 1 , every two weeks by e-mail. Water consumption for the previous two weeks was always represented with six water droplets. Water consumption in each two-week period was evaluated on an eleven-point scale using the numbers of water droplets to indicate the change rate from the previous two weeks to the most-recent two weeks. The more water consumption decreased (or increased), the fewer (or more) water droplets they received.
The difference between the two intervention groups was the colour used for the water droplets as shown in Figure 1 . One group received blue water droplets only (thereby named 'blue drop group'). In the other group, the colour varied depending on the number of water droplets ('colour drop group'); blue water droplets were used when the level of water consumption was lower compared to the previous two weeks; yellow and red water droplets were used when water consumption exceeded that of the previous two weeks. For the blue drop group, the shade of blue did not change regardless of the number of drops. For the colour drop group, the shade of blue changed from light to dark as the amount of water used increased, and it then changed to yellow and finally to red to represent even greater increases in consumption.
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(a) (b) Figure 1 . An example of the water droplet pictures shown to the intervention groups: (a) Illustration for the blue drop group; (b) Illustration for the colour drop group. The number of water droplets in the initial two weeks was always six. This was then changed to between one and eleven according to the rate of change from the previous period.
Water Consumption Data and Evaluation of Change
Water consumption data were collected from September 2017 to February 2018 except for the year-end and New Year holidays (i.e., 22 December 2017 to 5 January 2018). In addition, all data that were either extremely small or large were excluded using z values, which were calculated using water consumption during the survey period for each family. We excluded data whose z value was either greater than 2.5 or less than −2.5 from the analysis.
As the intervention started in October 2017, the data in September was defined as the initial consumption and the changes in water consumption for each household were evaluated as follows:
where C0 is monthly water consumption in September, Cn is monthly water consumption after starting the intervention, and LRPn is the log-transformed relative proportion (n = 10 (October), 11 (November), 12 (December), 1 (January), 2 (February)). An LRPn less than zero indicated that water consumption had decreased compared to the initial value, whereas an LRPn greater than zero indicated that it had increased. For example, for a household that used 200 L/capita/day in September and 250 L/capita/day in October, the LRP10 was 0.223. We classified the patterns of increase and decrease in water consumption using the K-means clustering method. We determined the number of clusters by considering the trade-off between parsimony (i.e., as few clusters as possible) and informativeness (i.e., as many clusters as necessary). The total within the sum of squares (WSS) for different values of k was computed, and we found the most suitable k by looking for an 'elbow' in the curve (i.e., we examined whether by increasing the number of clusters, the reduction of WSS was sharp or not).
We also analysed influence by the quantity of water use. It is known that as the number of family members increases, total water consumption increases and per capita water consumption decreases. Tokyo metropolitan waterworks reports that daily water consumption per capita is 273 L (one-person household), 265 L (two-person household), 227 L (three-person household), 203 L (four-person household), 190 L (five-person household), and 188 (six-person household). To eliminate the influence of household size, we converted the water consumption per capita of each household in September into a value that was assumed to be for a one-person household. For example, if a threeperson household used 300 L/capita/day, the converted value was 361 (300 × (273/227)). From this perspective, each household was designated as a 'high consumer' if greater than the median or a 'low consumer' if lower than the median, and we examined how this difference affected water usage. The number of water droplets in the initial two weeks was always six. This was then changed to between one and eleven according to the rate of change from the previous period.
where C 0 is monthly water consumption in September, Cn is monthly water consumption after starting the intervention, and LRP n is the log-transformed relative proportion (n = 10 (October), 11 (November), 12 (December), 1 (January), 2 (February)). An LRP n less than zero indicated that water consumption had decreased compared to the initial value, whereas an LRP n greater than zero indicated that it had increased. For example, for a household that used 200 L/capita/day in September and 250 L/capita/day in October, the LRP 10 was 0.223. We classified the patterns of increase and decrease in water consumption using the K-means clustering method. We determined the number of clusters by considering the trade-off between parsimony (i.e., as few clusters as possible) and informativeness (i.e., as many clusters as necessary). The total within the sum of squares (WSS) for different values of k was computed, and we found the most suitable k by looking for an 'elbow' in the curve (i.e., we examined whether by increasing the number of clusters, the reduction of WSS was sharp or not).
We also analysed influence by the quantity of water use. It is known that as the number of family members increases, total water consumption increases and per capita water consumption decreases. Tokyo metropolitan waterworks reports that daily water consumption per capita is 273 L (one-person household), 265 L (two-person household), 227 L (three-person household), 203 L (four-person household), 190 L (five-person household), and 188 (six-person household). To eliminate the influence of household size, we converted the water consumption per capita of each household in September into a value that was assumed to be for a one-person household. For example, if a three-person household used 300 L/capita/day, the converted value was 361 (300 × (273/227)). From this perspective, each household was designated as a 'high consumer' if greater than the median or a 'low consumer' if lower than the median, and we examined how this difference affected water usage.
Questionnaire
At the end of the survey, all participants were asked the following question: 'How much do you think that your water usage has changed?' They were required to respond using a ten-point scale (Figure 2 ). In addition, only the participants in the blue and colour drop groups were asked 'When you received the water droplet illustrations, how did it affect your intentions regarding water usage?' They answered using a ten-point scale, ranging from '1 = tried to reduce it' to '10 = tried to increase it'.
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Participants
Of the initial 633 households, a total of 479 (152 control, 167 blue drop, 160 colour drop) participated in and completed the study. The distribution of the family members and yearly household income level are described in Tables 1 and 2 
Water Consumption Trends during the Intervention
As a result of the clustering analysis, we found that four clusters indicated the general patterns of the water consumption trends. Figure 3 plots the mean LRPn from October to February for each cluster. We named the cluster that corresponds to the bottom line in the graph 'Decrease', as the water consumption tended to decline throughout the five months, especially after December. The clusters that correspond to the second and third lines from the bottom were named 'Slight Decrease' and 'Slight Increase.' We called the cluster at the top line 'Increase' as the water consumption increased since September, especially after December. Figure 4 shows the proportion of households classified into the four clusters. A Chi-square test indicated that there was no statistically significant difference between the control and blue drop groups (χ 2 = 1.3337, p = 0.721). It is therefore suggested that 
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Participants
Of the initial 633 households, a total of 479 (152 control, 167 blue drop, 160 colour drop) participated in and completed the study. The distribution of the family members and yearly household income level are described in Tables 1 and 2 , respectively. A Chi-square test indicated that there was no statistically significant difference among groups (family size χ 2 = 1.9023, p = 0.984; yearly income χ 2 = 6.5014, p = 0.369). Initial water consumption (L/capita/day) also did not show significant difference among groups (Kruskal-Wallis F = 0.2814, p = 0.869). Median values of the control, blue drop, and colour drop groups were 195.0, 188.0, and 191.2 L/capita/day, respectively. 
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As a result of the clustering analysis, we found that four clusters indicated the general patterns of the water consumption trends. Figure 3 plots the mean LRP n from October to February for each cluster. We named the cluster that corresponds to the bottom line in the graph 'Decrease', as the water consumption tended to decline throughout the five months, especially after December. The clusters that correspond to the second and third lines from the bottom were named 'Slight Decrease' and 'Slight Increase.' We called the cluster at the top line 'Increase' as the water consumption increased since September, especially after December. Figure 4 shows the proportion of households classified into the four clusters. A Chi-square test indicated that there was no statistically significant difference between the control and blue drop groups (χ 2 = 1.3337, p = 0.721). It is therefore suggested that historical self-comparison does not cause a change in water usage even when using a visual expression that is easy to understand. On the other hand, there was a marginally significant difference between the control and the colour drop groups (χ 2 = 7.1058, p = 0.069). A residual analysis revealed that the colour drop group had relatively more households classified as 'Slight Decrease' (adjusted residual = 2.608). This suggests that the colour drop group households relatively decreased their water consumption and thus that adding colour elements to the visual expression of historical self-comparison led to water saving. historical self-comparison does not cause a change in water usage even when using a visual expression that is easy to understand. On the other hand, there was a marginally significant difference between the control and the colour drop groups (χ 2 = 7.1058, p = 0.069). A residual analysis revealed that the colour drop group had relatively more households classified as 'Slight Decrease' (adjusted residual = 2.608). This suggests that the colour drop group households relatively decreased their water consumption and thus that adding colour elements to the visual expression of historical selfcomparison led to water saving. Past research using social comparison feedback reported that high consumers tended to save water as a result of such an intervention [11, 20] . If this is the case, there is a possibility that the ratio of high consumers is high in the 'Decrease' and 'Slight Decrease' clusters of the colour drop group, and the ratio of low consumers is high in the 'Slight Increase' and 'Increase' clusters of this same group. Table 1 shows the number of high and low consumers in each group for each cluster, and it displays the results of the Fisher's exact test. As shown in Table 3 , there is no significant difference in the ratio of high-low consumers in all clusters. In spite of the fact that there was no significant difference in the proportion of high-low consumers in any cluster, the colour drop group households relatively decreased their water consumption. It can thus be said that the decrease of water consumption in the colour drop group was caused not by the deviation in consumption for every group but by the self-comparison feedback itself. historical self-comparison does not cause a change in water usage even when using a visual expression that is easy to understand. On the other hand, there was a marginally significant difference between the control and the colour drop groups (χ 2 = 7.1058, p = 0.069). A residual analysis revealed that the colour drop group had relatively more households classified as 'Slight Decrease' (adjusted residual = 2.608). This suggests that the colour drop group households relatively decreased their water consumption and thus that adding colour elements to the visual expression of historical selfcomparison led to water saving. Past research using social comparison feedback reported that high consumers tended to save water as a result of such an intervention [11, 20] . If this is the case, there is a possibility that the ratio of high consumers is high in the 'Decrease' and 'Slight Decrease' clusters of the colour drop group, and the ratio of low consumers is high in the 'Slight Increase' and 'Increase' clusters of this same group. Table 1 shows the number of high and low consumers in each group for each cluster, and it displays the results of the Fisher's exact test. As shown in Table 3 , there is no significant difference in the ratio of high-low consumers in all clusters. In spite of the fact that there was no significant difference in the proportion of high-low consumers in any cluster, the colour drop group households relatively decreased their water consumption. It can thus be said that the decrease of water consumption in the colour drop group was caused not by the deviation in consumption for every group but by the self-comparison feedback itself. Past research using social comparison feedback reported that high consumers tended to save water as a result of such an intervention [11, 20] . If this is the case, there is a possibility that the ratio of high consumers is high in the 'Decrease' and 'Slight Decrease' clusters of the colour drop group, and the ratio of low consumers is high in the 'Slight Increase' and 'Increase' clusters of this same group. Table 1 shows the number of high and low consumers in each group for each cluster, and it displays the results of the Fisher's exact test. As shown in Table 3 , there is no significant difference in the ratio of high-low consumers in all clusters. In spite of the fact that there was no significant difference in the proportion of high-low consumers in any cluster, the colour drop group households relatively decreased their water consumption. It can thus be said that the decrease of water consumption in the colour drop group was caused not by the deviation in consumption for every group but by the self-comparison feedback itself. 3.3. Questionnaire Survey Figure 5 shows the distribution of answers for the first question about the change in water usage ('How much do you think that your water usage has changed?'). The Wilcoxon rank sum test indicated that participants in the blue and colour drop groups tended to feel that their water use had changed (W = 10,422, p = 0.010 for the blue drop group; W = 9614, p = 0.002 for the colour drop group).
The second question about their intentions concerning the degree of change in quantity ('When you received the water droplet illustrations, how did it affect your intentions regarding water usage?') showed no significant difference between the blue and the colour drop groups (W = 11,859, p = 0.1478).
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The second question about their intentions concerning the degree of change in quantity ('When you received the water droplet illustrations, how did it affect your intentions regarding water usage?') showed no significant difference between the blue and the colour drop groups (W = 11859, p = 0.1478). 
Discussion
It was assumed that there would be no change in water consumption if we compared it with past consumption without doing anything innovative. In this study, although increases and decreases in consumption were expressed in an easy-to-understand manner based on the number of blue water droplets, there was no effect. On the other hand, by adding colour as an attention-awakening tool, the proportion of 'Slight Decrease' relatively increased compared with the control group; that is, water consumption was reduced. As past cognitive studies have indicated that the colour red can activate an avoidance motivation more so than the colour blue [28] , this study also suggests its effectiveness. There is also a possibility that using colour made the amount of water use easy to 
It was assumed that there would be no change in water consumption if we compared it with past consumption without doing anything innovative. In this study, although increases and decreases in consumption were expressed in an easy-to-understand manner based on the number of blue water droplets, there was no effect. On the other hand, by adding colour as an attention-awakening tool, the proportion of 'Slight Decrease' relatively increased compared with the control group; that is, water consumption was reduced. As past cognitive studies have indicated that the colour red can activate an avoidance motivation more so than the colour blue [28] , this study also suggests its effectiveness. There is also a possibility that using colour made the amount of water use easy to understand, and that this is what actually led to the decrease in water consumption. In order to examine this, it is necessary to investigate what happens when a drop is presented in the same way using colours that do not directly prompt attention.
It is noteworthy that the feedback on historical self-comparison using colour has the effect of promoting continuous water conservation. While the median value of each cluster remained unchanged throughout the intervention period as shown in Figure 3 , the 'Slight Decrease' in the colour drop group increased relative to the control group, meaning that the effect of the colour drop remained effective. This kind of small ingenuity used to encourage a behavioural change is called a 'Nudge', defined as any factor that significantly alters the behaviour of humans [29] , and has been applied to induce unconscious behavioural changes such as healthy food selections and energy saving behaviour. Our study demonstrated a continuous effect from this 'Nudge', albeit only over a relatively limited five-month period; this represents an important outcome given that previous studies had indicated that a 'Nudge' does not exhibit such continuity [30, 31] .
The other notable point is that water saving occurred regardless of the level of water consumption. In the case of feedback using social norms, it has been reported that only the usage of high consumers changed [7, 11] . Historical self-comparison is advantageous because it works for all types of water consumers to support them in saving water.
In the questionnaire survey, the participants who had received the water droplet illustration feedback tended to say that they changed their water consumption. In previous studies of social comparison feedback with emoticons, high consumers who had reduced their water consumption said in the questionnaire that they had not changed their usage [11] . That is to say, while social comparison prompted unconscious water conservation, historical self-comparison prompted conscious conservation of water. Furthermore, although most participants who were assigned to receive the feedback thought to reduce their water use, only those who received the coloured water droplets illustrations actually did so. This indicates that unconscious induction is important for behaviour change.
Conclusions
By improving the method of communicating historical self-comparisons of water consumption, we indicate possible ways to realize an efficient use of water at all consumption levels. Here, we have demonstrated the effectiveness of using historical self-comparison in this context, a situation where using social comparison based on personal data regarding water consumption could prove difficult. Moreover, water saving was observed for several months, unlike usual 'Nudge' attempts whose effects did not last in the long run. The results of this study can be applied to water demand management, not only in cases of temporary but also of chronic insufficiency of water supply. One limitation of the current study is that it was only implemented over five months; a trial that takes place over a full year (or even longer) might prove more informative. Another limitation is that approaches like this are usually considered in the context of smart metering systems; however, it can also be incorporated into the current paper-based billing system. Since it is a very simple method that can be easily introduced, it may be better to examine how much effect it will have on paper-based notifications.
As long as people look at such feedback, their water consumption changes. As the participants of this study were survey registrants with a research company, such participants may have been more highly motivated to check the presentation. Therefore, in the case of the general population, the motivation may not be as high. An objective for the future would be to consider how we could increase the proportion of the general public who would continuously view such feedback. In addition, the frequency of feedback (i.e., every day, once a week, once a month) and type of media (i.e., paper, e-mail, web site, application) should be considered before implementation. 
